Morphological and biochemical features of $2 strains of 'atypical' mycobacteria and one strain of Mycobacterium tubmmbsis were studied. Of the $2 atypid mycobaderia, 16 were originally classified in Runyon's p u p I, 4 in p u p II, 19 in group 111, and 8 in group IV. The characteristics studied were bacdlary morphology and staining properties on Kirschner and LowensteinJensen media; colonial morphology on 7H-10 agar medium; pigmentation in the dark and after exposure to light; rate of growth and temperature requirements, with Merent methods of inoculation; growth on blood and nutrient agar plates, and in gelatin stabs; catalase activity on drug-free and on isoniazid-containing media; nicotinic acid (niacin) production. The sensitivity of the majority of the strains to 6 chemotherapeutic dsugs was tested. The niacin test proved to be the most useful method for distinguishing the atypical mycobacteria fimm M. tubmculosas. In i d e n w n g strains of group I, their ability to produce yellow pigment after exposure to light was of most value, and their colonial morphology and their periodic acid-S W staining were also helpful. Strains of group I1 were identified by their ability to form yellow pigment in the dark, by their periodic acid-Schiff staining and by their colonial morphology. Strains of group I11 were identified by their rate of growth and buff pigmentation. Exceptionally a yellow pigment was formed, and such strains were identified principally by their colonial morphology and periodic acid-SchB staining. Among the 19 strains classified originally as group 111, 3 were reclassified into group Iv. Strains of group IV were identified by their ability to grow on blood and nutrient agar plates within 3 days and in gelatin stab cultures within 2 weeks.
INTRODUCTION
In the last few years several publications have appeared dealing with human diseases caused by 'atypical' mycobacteria (Wood, Buhler & Pollak, 1956 ; Nassau & Hamilton, 1957; Beck, 1959;  Lewis et al. 1959 ; Engbaek, Magnusson & Nielsen 1959) . These authors, and others mentioned by Nassau & Hamilton (1957), stated that the diseases caused by atypical mycobacteria and by Mycobactdurn tuberculosis are closely similar. Thus the correct diagnosis and treatment depends upon the precise identification of the causative agent. The identification of an infection by M . taberculosis in routine diagnostic work often depends on the morphology and the staining characteristics of the bacilli as seen in smears made from clinical spechens and sometimes from cultures, together with the colonial morphology on Lowen- (Middlebrook, 1954) and nicotinic acid (niacin) production (Konno, 1956). No single test has been found to be completely satisfactory for this purpose. Runyon (1959a, b) proposed a clwiilcation of the atypical mycobacteria based mainly on pigmentation of colonies and speed of growth. The purpose of the present investigation was to examine the morphological characteristics and some of the biochemical properties of a series of strains of atypical mycobacteria, classified into Runyon's four p u p s , and to see whether these characteristics are of value in differentiating these strains from M. tecberczllosis. All of the strains used were of human origin. bottles, which were % weeks or less old, and which had not been opened since inoculation. Case was taken not to transfer lumps of bacteria to the Kirschner medium. After incubation for 14 days at 8 7 ' , h s were made and they were then dried under an ultraviolet lamp for 80 min., placed in methanol for S min., and rinsed in water.
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METHODS
straim
Ziehl-Neelsen staining was performed in the usual way, ~t h 5 min. decolorization with acid-alcohol (NaCl2O g., HCI conc. 20 ml., 7 4 ' O.P. Spirit 1500 ml., distilled water 400 ml.) and counterstaining with Loffler's methylene blue for 5-15 min. h k d i c acid-Schif'€ staining was performed as described by Csillag (1960).
~mmtinaiiola of Czclt-ures on L&l&in-Jmen medium. Cultures were grown on Uwenstein-Jensen medium for 8 weeks at 8 7 ' . Smears, prepared and fixed as described above, were stained by the Ziehl-Neelsen and the Ziehl-Heidenhain (Uyeda, 1955) methods.
C o h i d morphology. The morphology of colonies was examined on plates of oleic acid +albumin agar medium (7H-10 medium; Cohn, Middlebrook & Russell, 1959). The plates were inoculated fn>m a $-week growth on the same medium and incubated for 8-4 weeks at 8 7 ' in a hot room where they were occasionally exposed to artificial illumination. The colonies we& fonnolized, and observed with a plate microscope ( x 10 mapifhation).
Pigmerctataolz folbming incubation in the dark OT afler exposure to light. Two Liiwenstein-Jensen medium slopes were inoculated with each strain. One of these was placed in a sealed box and incubated at 8 7 ' in the dark. The other slope was also incubated at 8 7 ' and, when growth first appeared, it was exposed to diffuse daylight for 1 hr., re-incubated for 24 hr. and compared for its pigmentation with the slope incubated in the dark. When only minor differences in pigmentation were found between the two slopes, the procedure was repeated on another batch of medium. Those strains which produced yellow or orange pigment when grown in the dark were examined in the same manner, but when growing on 7H-10 medium Temperature repirand rate of growth. The rate of growth at 8 7 ' and at 22' was studied on Lawenstein-Jensen medium slopes which had been inoculated with a loop containing a s m d amount of growth from a 8-to $-week culture on the same medium ('clumped inoculum' method). With the photochromogens, the rate of growth at the same temperatures was also studied on the same medium which had been inoculated with a 8mm. loopful of a suspension prepared by shaking about 2 mg. (moist weight) of bacillary mass with 0.4 ml. distilled water in a screw-capped bottle containing glass beds ('dispersed inoculum' method). Cultures were examined at daily intervals (except on Sundays) for 6 weeks.
Growth on blood a d nutrient agar. Nutrient agar plates with or without 5 % (v/v) horse blood were inoculated from a 8-to &week growth on 7H-10 agar plates. The cultures were incubated at 8 7 ' for 8 days.
Growth in geZatin stah, Nutrient gelatin stab cultures were inoculated with a straight wire from a 8-to &week growth on 7H-10 medium plates. The cultures were incubated at 22' for 6 weeks. was studied on growth on drugfree L6wensbinJenm slopes and on slopes containing isoniazid in the sensitivity tests. In studying the catalase activity of isoniazid-resistant variants, Liiwenstein-Jensen slopes containing 50pg. isoniazid/ ml. were inoculated with a large amount of bacillary growth, incubated for 4 weeks at 87' and the resulting growth tested. S d t i v i t g fe&. Sensitivity tests to isonitmid, paminosalicylic acid, streptomycin and p-acetamidobnzaldehyde tbsemiicarbamne (thiacetazone) were performed as described by Selkon & Mitchison (1959) . Thesensitivity to 2-ethylisothionicotinmide (thioamide) and cycloserine was tested in a similar manner, with twofold serial drug dilutions in Lilwenstein-Jensen medium. The results of a single test on each strain are reported; unexpected results were not repeated.
RESULTS
Bacillary morphology mad etaifling
The strains were divided into types on the basis of their bacillary morphology ('BM') type and staining properties, as follows.
Group I
BM type I a (15 strains, all except no. 1526R). Majority of organisms longer than those of Mycobuetmium tt&wuZosis H37Rv, and strongly beaded. Tendency to formation of loose cords present, especially in Kirschner medium. Not acid-fast organisms only exceptionally seen with both staining methods, with 5 min. or 15 min. counterstaining. Periodic acid-Schiff staining positive.
BM type I b (1 strain, no. 1520R). As above, but no tendency to cord formation, either in Kirschner or on Lowenstein-Jensen medium.
Group 11
BM type I1 (4 strains). Size of organisms variable. Majority of organisms beaded.
Cord-formation not observed in either medium. Not acid-fast organisms only exceptionally seen with both staining methods. Periodic acid-Schiff staining positive. Group IV and Mycobactdurn tuberculosis. Pigmented buff in the dark and in the light.
Group
Temperature requireme& and rate of growth
All of the atypical mycobacteria grew at 22' within 6 weeks when the cultures were inoculated by the clumped inoculum method. Among s t r a h s of Mycobacterium tuberculosis, H37Rv did not grow at this temperature; in further experiments with other strains growth occurred in a small proportion of them. Among the 16 group I strains whose cultures were inoculated by the dispersed inoculum method, three did not grow at 22' (nos. A725, M1247,0528). Considerable differences were found in the rate of growth at 87O, depending upon the inoculum used. Growth was more rapid with a clumped inoculum than with a dispersed inoculum and, with the p u p I11 strains, growth occurred 3-4 days earlier when the slopes were inoculated from 6-week cultures than from 2-to %week cultures. Whichever inoculum was used, group IV strains grew more rapidly than the remaining strains of atypical mycobacteria, and these grew slightly more rapidly (1-4 days quicker) than M. tuberculosis H37Rv.
Growth on blood and nutrimt agar Strains of group I and group I1 did not grow within 5 days on blood agar and nutrient agar plates. Of the 19 group I11 strains, 16 did not grow on these media in this period, but 3 strains (nos. P25, 487, 171 C) yielded growth within 3 days. All group IV strains grew within 8 days. Mycobacterium tuberculosis H37Rv did not grow.
Growth in gelatin stabs Group I strains, group I1 strains, Mycobacterium tuberculosis H37Rv and those group 111 strains which did not grow on blood and nutrient agar, did not grow in gelatin stabs. The 8 group I11 strains, which yielded growth on blood and nutrient agar, grew in gelatin stabs within 2 weeks. These strains formed colonies on the top and a filiform growth in the stab; liquefaction was not observed. All group IV strains grew within 2 weeks, forming colonies on the tops and a filiform growth in the stabs, and did not liquefy the medium. 
Catalase activity
The results of catalase tests are shown in Table 2 . All group I, group I1 and p u p IV strains showed catalase activity greater than with M y c o b d u r n tubermbsk H87Rv when p w n on drug-free medium and on medium containing isoniazid, as did their hniazid-resistant variants. Group I11 strains showed a variable pattern of catalase activity, some strains having activities similar to those of the remaining atypical strains and others yielding a pattern more closely resembling that of Mycobactenha tubermlosis H87Rv. 
Sensitivity tests
The results of the sensitivity tests are set out in Tables 8 and 4 . Classifications as sensitive, doubtfully resistant, and resistant are based on experience with strains of Mycobacttrium tuberculosis. All of the strains of atypical mycobacteriawere resistant to isoniazid and all were resistant to p-aminosalicylic acid, with three exceptions (group I, strains nos. 0523, 0735 and 260). All group IV strains were resistant to streptomycin, but about one third of the remainder were sensitive. All of the group I strains were sensitive or doubtfully resistant to cycloserine. Of the 22 p u p I1 and group 111 strains tested, one in each group (nos. 0112, 170) was resistant to cycloserine, as were all of the group IV strains. All of the group I and activity, 0 . Atypical mycobacteria 269 p u p I1 strains were sensitive to thioamide and the remaining groups showed a variable pattern of sensitivity. Of the 11 group I strains tested, 8 were sensitive to thiacetazone whereas all except one of the remaining strains (no. 514) were resistant. These sensitivity tests were not repeated systematically and, from further experience, a slightly different pattern of resistance, particularly to p-aminosalicylic acid and thiacetazone, might have been encountered if several tests had been set up on each strain. Characteristics of the diffment groups Those features of the strains belonging to the four groups which were found to be most consistent and characteristic of the groups, are given below.
Sensitivity of atypical mycobacwia to isolziaxi&,
Group I . Long, beaded, strongly acid-fast, periodic acid-Schiff positive. Tendency to cord fonnation. Colonies of the smooth strains (CM type Ia) have central areas of opacity. Colonies of the rough strains (CM type Ib) similar to those of Mgcob&um tuberculosis, strain H37Rv. Yellow pigmentation only after exposure to daylight. No growth on blood and nutrient agar at 37" within 8 days, and no growth in gelatin stabs at 22" within 6 weeks. Nicotinic acid test negative. Catahse activity strongly positive even when grown on isoniazid-containing medium. Resistant to isoniazid; sensitive to thioamide; sensitive or doubtfully resistant to cycloserine ; often sensitive to thiacetazone.
& w p I I . Beaded, strongly acid-fast, period acid-Schiff positive organisms of variable length. No tendency to cord formation. Colonies smooth, with entire edges. Pigmented deep yellow when grown in the dark, as well as after exposure to light. No growth on blood and nutrient agar at 37' within 8 days and no growth in gelatin stabs at 22' within 6 weeks. Nicotinic acid negative. Catalase activity strongly positive, even when grown on isoniazid-containing medium. Resistant to isoniazid and thiacetazone; sensitive to thioamide ; sensitive or doubtfully resistant to streptomycin.
Group III. Organisms either uniformly shorter than those of Mycobactmiurn tuberculosis H37Rv or pleomorphic. Staining either uniform or beaded. Either all organisms acid-fast or many not acid-fast. No tendency to cord formation (tight cord formed by one strain). Periodic acid-Schiff negative. Colonies of smooth strains (CM type IIIa-IIId) variable in size, with entire edges and uniform structure.
(One strain with central area of opacity.) Colonies of rough strains (CM type IIIe) similar to those of M. tt&emuloSis strain H37Rv, but smaller and more variable in size. Colonies of 16 strains pigmented buff, but colonies of the remaining 3 strains pigmented yellow. No growth on blood and nutrient agar at 37" within 3 days, and no growth in gelatin stabs within 6 weeks (8 exceptions). Catalase activity variable, often diminished when grown on isoniazid-containing slopes. Resistant to isoniazid and p-aminosalicylic acid ; sensitive or doubtfully resistant to cycloserine (1 exception).
Grwp 1 V. Bacillary morphology, staining properties (including acid-fastness and periodic acid-SchifT shining), morphology of colonies and pigmentation the same as those of Mycobactmiurn tuberculosis, strain H37Rv. Growth on blood and nutrient agar at 37" within 3 days, and growth in gelatin stabs at 22" within 6 weeks. Nicotinic acid test negative. Catalase activity strongly positive even when grown on isoniazid-containing medium. Resistant to isoniazid, praminosalicylic acid, streptomycin and cycloserine; resistant or doubtfully resistant to thioamide.
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DISCUSSION
Two main problems clrise during the course of identifying rnycobacteria obtained from materid of human origin : (1) the differentiation of M y c o b d u r n tvdwmZd0&8 h m the atypid mycobackria, and (2) their classification. In these experiments, the most useful method for differentiating M . tWmlo8is from the a t y p i d mycobacteria was found to be the nicotinic acid test. All of the strains of atypical mycobacteria yielded a negative result, whereas strain M. tubeTezlZosds H87Rv gave a positive result. Using the same technique, Gilani & Selkon (1958) found that all of 18 human strains of M. tubmcuZo&ia yielded a positive nicotinic acid test. Runyon, Selin & Harris (1959) , who used a different technique, reported their own findings and those of other workers, and found that the nicotinic acid test was uniformly negative for atypical mycobacteria and uniformly positive for human M. tuber-&. The main dissdvantage of the nicotinic acid test is that bovine strains of M. tuberculosis yield a negative result, so that strains of mycobacteria which yield such a result must be further characterized, for example by guinea-pig inoculation. Growth a t 22' was not reliable as a means of differentiating M. tzLberculosis from atypical mycobacteria since with the clumped inoculum occasional strains of M. tdWmhG8 yielded growth, and with the dispersed inoculum some of the atypical mycobacteria tested did not grow. Growth at 29' may be more satisfactory (Minks & Trollope, 1960). The following characteristics were also of value in identifying atypical strains : long, beaded organisms ; weakly acid-fast ; lack of cord formation; bacillary pleomorphism; periodic acid-Schiff positivity; smoothness of colonies; yellow pigmentation of colonies; growth on blood and nutrient agar within 8 days; growth in gelatin stabs cultures; high catalase activity on medium containing isoniazid and a characteristic sensitivity pattern. N o one of these characteristics was invariably shown by all of the atypical strains. However, when several of these characters were examined, all of the atypical strains were distinguishable from M. tubermZosis.
The following characteristics were found to be of most value in classifying the atypical mycobacteria into the groups proposed by Runyon (1959a). Croup I : formation of yellow pigment after exposure to light for 1 hr. was described as the essential characteristic of strains in this group. However, one of our strains required a longer period of exposure, but it was still included with other strains in this group because of the similarity of their behaviour in other respects. Strains with smooth colonies (CM type Ia) could usually be classified by their colonial morphology, but rough colonies (CM type Ib) could be confused with those of Mycobucterizlm tuberculosisand of group I V strains. Positive periodic acid-Schiff staining was an invariable feature in this group but was also found in group I1 strains. Group I I : formation of yellow or orange pigment in the dark (Runyon, 1959a) was invariably found with all strains, but also occurred with 3 of the group 111 strains. Positive periodic acidSchiff staining was shown by all strains in this group, and also by those in group I. Colonial morphology was also of value. Group 111: among the 19 strains classified in this group, 3 yielded yellow pigmentation both in the dark and in the light, and on both Lowenstein-Jensen and 7H-10 media. Nevertheless, they resembled the remaining strains in this group in other characteristics and should be retained in it. A further 8 strains grew on nutrient agaz and Lowenstein-Jensen medium within Atyphal mycobacteria 271 8 days and they also grew in gelatin stab cultures. It would therefore be reasonable to transfer these 8 strains to group TV. With the remaining strains classified in group 111, diversity of all of the characteristics studied was noted, &d this p u p cannot be considered as homogeneous. &wp IV; Runyon did not describe in detail the specific conditions necessary to identify these strains as rapidly-growing ones. In the present work the speed of growth of the strains in all of the groups on Lowenstein-Jensen medium was dependent on the size and type of the inoculum, so that it was not always easy to distinguish group IV strains from the remainder. The ability to grow on blood and nutrient agar plates within 8 days was found only with group I V strains and with the three group I11 strains mentioned above. The superiority of the test on blood or nutrient agar may be due not only to differences in growth rate, but also the more satisfactory nature of these media for group IV strains. The ability to grow in gelatin stab cultures within 6 weeks was also of value for characterizing these strains. Further experience with 82 strains of saprophytic mycobacteria confirms the value of blood and nutrient agar and of gelatin stab cultures in their identification as p u p IV strains.
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